A crude trial on microbial fermentation of dilute acid treated hemicellulose hydrolysate of water hyacinth (Eichhornia crassipes) biomass was performed in batch culture in a BOD rotary shaker using four different species as Candida shehatae, Pichia stipitis, Candida tropicalis and Debaromyces hansenii under various parameters to check the optimal xylitol production. The hydrolysate was concentrated using a vacuum evaporator at 70  C and detoxified using activated charcoal (5 %) which efficiently removed 83 % of inhibitory phenolic biproducts. Effect of nutrients concentration, pH (4.5, 5.5, 6.5), temperature (20, 30, 40  C) and agitation speed (150, 200, 250 rpm) on growth of different yeast and xylitol production was studied and compared. The optimal xylitol yield was found to be 0.65 g xylitol/g of xylose from Candida tropicalis at 30  C, pH 5.5 with an agitation of 200 rpm, 2.5 g/L ammonium sulphate as a nutrient and 0.615 xylitol/g of xylose from Pichia stipitis respectively after 72 h of incubation.
Introduction
Bioconversion of lignocellulosic materials to biofuels and biomaterials has gained extensive research interest during the last few decades due to the feasibility of this sustainable and eco-friendly process [ADSUL et al., 2011 , BOSTAN et al., 2013 , BUTNARIU and CAUNII, 2013 . It is a promising feedstock for the bio-processing industries. A wide variety of lignocellulosic biomass are available on earth where up to 1.7-2.0 x 10 11 tons (approx.) of biomass has been identified as an important source for alternative fuels and value added chemicals, However, only 6 x 10 9 tons (approx.) of biomass are currently used for food and non-food applications [KLASS, 2004 , ALBUQUERQUE et al., 2014 . Xylitol is a naturally occurring sweetener, a sugar substitute for diabetic patients and a non-toxic, harmless food with many other beneficial roles to mankind [IQBAL et al., 2013] . It is a value added product that has attracted the worldwide interest due to its huge importance in Food and Pharmaceutical industries [BUTNARIU and GIUCHICI, 2011 , RASHED and BUTNARIU, 2014 , BUTNARIU et al., 2012 .
It is a 5-Carbon sugar polyhydroxy alcohol, also known as wood sugar [MUDALIYAR et al., 2011] which can be produced from the hemicellulosic fraction of the lignocellulosic biomass. It is a low calorie sweetener having huge health benefits like low glycemic rate [CHEN et. al., 2010] , anticancerous and antiviral features and anticariogenic properties.
It is also used as a nutriceuticals which maintains low plasma glucose and insulin levels and inhibits autoimmune diseases [USVALAMPI, 2013] . It is naturally present in some fruits and vegetables in very low concentration [CHAUDHARY et al., 2013] . Xylitol is produced industrially by direct chemical hydrogenation of Dxylose using Raney-Nickel catalyst under high temperature (80-140C) and pressure (upto 50 atm) which follows extensive purification from non-specific reduction products [CHEN et. al., 2010] . Both extraction of xylitol from natural resources such as fruits and vegetables and also industrial process which requires specialized equipments are quite expensive. Water hyacinth (Eichhornia crassipes [Mart.] biomass is rich in cellulose and hemicellulose content, from where monomeric sugars such as hexoses and pentose can be obtained from for further utilization in making several value added products.
It is an aquatic, free floating, fast growing weed which adversely affects the biodiversity of ecosystem and also considered to be the world's worst aquatic weed. It has higher hemicellulose content (~38.5 %) from where fermentable xylose can be obtained by hydrolysis to produce Xylitol (C 5 H 12 O 5 ). Hence it proves to be a promising feedstock based on all above conditions. Globally xylitol production is expanding with eventually great demand in global market of more than 125 x 10 3 tons/year with higher value ($ 4.50-5.50 per kg for bulk purchase by pharmaceuticals and food companies and $ 20.00 per kg in supermarket).
Xylitol has a 12 % share of total polyols market [KELLOWAY et al., 2014 , NIGAM et al., 1995 , KOUTINAS et al., 2014 , FRANCESCHIN et al., 2011 which is approved for food use in more than 50 countries. Recently considerable attention has been drawn to the bioconversion of xylose into xylitol from lignocellulosic hydrolysate which involves hydrolysis, detoxification and fermentation using xylose fermenting yeast.
Hydrolysis is a crucial step in the biochemical conversion of lignocellulosic biomass to fermentable sugars, which aims at separating and providing easier access to the main biomass components (cellulose, hemicellulose), eventually removing lignin, preserving the hemicellulose, reducing the cellulose crystallinity and increasing the porosity of the material. Dilute acid hydrolysis is mostly used because it effectively solubilizes hemicelluloses to xylose and other sugar monomers.
Dilute acid pretreatment process, is inexpensive which avoid corrosion and also it is easy to perform [PEREIRA et al., 2011] . Detoxification is an important step for removing or decreasing the concentration of inhibitors. Activated charcoal, over liming, neutralization, sulphite treatment, treating with ionexchange resins and extraction with organic solvents reduce the ionization properties of inhibitory compounds [WYMAN et al., 2005b , PUTNOKY et al., 2013 , BAGIU et al., 2012 , BUTNARIU, 2012 . Several extensive studies have been made to find out the alternative routes which involve biotechnological process where lignocellulosic biomass is hydrolysed by dilute acid to obtain xylose sugar for microbial conversion to xylitol.
The objective of the present research work is to investigate the xylitol production from dilute acid treated water hyacinth biomass by performing microbial fermentation of dilute acid treated hemicellulose hydrolysate of water hyacinth (Eichhornia crassipes) biomass in batch culture in a BOD rotary shaker using four different species as Candida shehatae, Pichia stipitis, Candida tropicalis and Debaromyces hansenii under various parameters like pH, temperature, agitation speed and varying nutrient concentration to check the optimal xylitol production. Effect of nutrients concentration of ammonium sulphate (2, 3, 4 g/L), pH (4.5, 5.5, 6.5), temperature (20, 30, 40C) and agitation speed (150, 200, 250 rpm) on growth of different yeast and the xylitol production was studied and compared.
Material and methods
Hemicellulose hydrolysate preparation from water hyacinth biomass Fresh water hyacinth (Eichhornia crassipes) was collected from natural pond inside CSIR-CMERI campus, India. It was then thoroughly washed several times under tap water, to remove adhering dirt.
The leaf and petiole portion of the plant was taken out, cut into pieces of size 1cm (approx.), and crushed to paste for further investigations.
During acid hydrolysis, experimentally the best set which gave the maximum xylose yield was utilised for collecting the hemicellulose hydrolysate. 8 g of fresh water hyacinth paste (1 g dried biomass) was mixed with 30 mL of 3 % dilute sulphuric acid respectively in 100 mL conical flask and soaked for 3 h with an agitation speed of 160 rpm at 50C.
After soaking, sample was boiled for 20 min at 100C in heating mantle. Finally the hydrolysate was filtered using Wattman paper no.1 to remove the unhydrolysed material and solid residue and the filtrate was collected.
Fourier Transform Infrared Spectroscopy (FTIR)
Fourier Transform Infrared Spectroscopy (FTIR) spectroscopy was used to investigate and quantify chemical changes in pretreated and untreated sample. IR spectra were studied using Shimadzu spectrometer (Japan). Samples were prepared by mixing 2 mg of biomass and 198 mg of spectroscopic grade potassium bromide. After grinding, the mixture was pressed to form disks. The spectra were generated with an average scan of 16 scans with a resolution of 4 cm -1 within a range of 500-4500 cm -1 .
Concentration and Detoxification of acid hydrolysate
To increase the amount of sugars in hydrolysate of water hyacinth, concentration of the hydrolysate was carried out by round bath evaporator (Equitron-EV11.ACL.027) under vacuum for 20 mins at 70C. To the concentrated hydrolysate calcium oxide is added with stirring, until the pH of the hydrolysate reaches 10.0. Then it was incubated for half an hour followed by centrifugation (3000 rpm, 20 min) and filtration, the pH was adjusted to 6.
After overliming, 5 % (w/v) of activated charcoal was added to the hydrolysates and stirred for 1 h.
The mixture was again centrifuged (3000 rpm, 10 min) and vacuum filtered. The treated hydrolysate was then used for the fermentation studies.
Microorganisms and Inoculum preparation for fermentation
Pichia stipitis (NCIM 3500), Candida shehatae (NCIM 3497), Debaromyces hansenii (MTCC 9882) and Candida tropicalis (MTCC 9038) were used for pentose fermentation obtained by the courtesy of NCIM, Pune and MTCC, Chandigarh. The stock culture was maintained on Yeast extract, Peptone, Xylose (YPX) agar slants containing (g/L) yeast extract, 10; peptone, 20; Xylose, 30 and agar, 25, pH 5.5 and stored at 4C.
The medium used for inoculum preparation contained (g/L): yeast extract 10, peptone 20, D-glucose 10.
To prepare the inoculum, a 250 mL Erlenmeyer flask containing 50 mL medium was inoculated from a fresh culture plate and incubated at 30C on rotary shaker at 125 rpm for 20 h and the broth was centrifuged at 10,000 for 10 min to obtain the pellets.
The cell pellet was washed and suspended in sterile distilled water [CAUNII et al., 2015 , BUTNARIU et al., 2006 . (MTCC 9038) . Effect of nutrients concentration using ammonium sulphate (0.5, 1.5, 2.5 g/L), pH (4.5, 5.5, 6.5), temperature (20, 30, 40C) and agitation speed (150, 200, 250 rpm) on growth of different yeast and xylitol production was studied and compared. Samples were withdrawn at regular intervals of time up to 96 h and centrifuged for 10 min. The supernatant was used to determine the xylitol and residual sugar concentration.
Fermentation

Analytical methods
The total reducing sugars, released after acid hydrolysis were estimated by DNS method [MILLER, 1959] and Xylose sugar was determined using the Phloroglucinol assay [EBERTS et al., 1979] .
The fermentation inhibitors (i.e. furans and phenolics) were analyzed by spectroscopic analysis. Phenolics estimation was carried out by Folin Ciocalteu Method [SINGLETON and ROSSI, 1965, BUTNARIU and CORADINI, 2012] sugar composition of the treated hydrolysate after detoxification, xylitol and the sugars present in the fermented broth were estimated by high performance liquid chromatography (HPLC) fitted with thermo scientific HI chrome column (CECIL, UK) and RI detector using acetonitrile-water (75:25) as mobile phase at a flow rate of 0.8 mL/min at 30C. The cell mass concentration was estimated by spectrophotometer at 600nm using a calibrated standard graph followed by dry cell weight measurement.
Results and discussion
Characterization of treated and untreated biomass
Fourier transform infrared spectroscopy FTIR based instrumental analysis was performed of the alkali treated biomass for having a better understanding of the observations. The FTIR spectra of the WHB are represented in Figure 1 indicating changes in the shape, location and transmittance of the FTIR spectral bands.
Absorption peaks at 875 cm -1 normally correlate with a C-O-C stretching present in the β-(1-4)-glycosidic linkage in cellulose and hemicellulose.
The absorption peak at 1035 cm -1 can be correlated to the vibrational modes of CH 2 OH groups which are normally coupled with C-O bending of the C-OH functional groups of the carbohydrates. Figure 1 . FTIR of untreated, alkali treated and acid treated Water hyacinth biomass (WHB). This spectral absorption normally correlate with the decrease in xylose content of the biomass due to solubilisation of hemicellulose typical band at 1325 cm -1 can be remarked due to C-O linkages of syringyl (lignin units) ring of lignin. The absorption peak at 1500 cm -1 is correlated due to aromatic ring vibration of lignin. This absorption peak is present distinctly in the untreated sample.
But there is significant reduction of this peak intensity for the alkali pretreated and the acid hydrolyzed sample implying lignin depolymerisation by pretreatment. The peak remarked at 1735 cm -1 can be either acetyl or uronic ether linkages of carboxylic group in the ferulic and p-coumaric. Ferulic and p-coumeric acids are important constituents in lignin biopolymer. Disappearance of the 1620 cm -1 peak from the alkali pre-treated WHB sample indicates effective delignifications. A typical band at 1383 cm -1 correlated to the C=C linkages, which is present in the guaiacyl ring of the lignin.
Absorption peaks at 2924 cm -1 correlated to C-H stretching of lignin which is enhanced after alkaline pretreatment followed by acid pretreatment.
Finally band widening at 3500 cm -1 can be allocated to stretching of Hbonded hydroxyl (OH) functional groups of lignin [BUTNARIU et al., 2013 , PETRACHE et al., 2013 .
Analysis of sugar composition of the hemicellulose hydrolysate
The dilute acid treated water hyacinth biomass hydrolysate was collected, concentrated in round bath evaporator followed by detoxification. The sugar composition was analysed using HPLC and total phenolics by Folin Ciocalteu method which is presented in Table 1 . The analysis of sugar concentration of the hydrolysate denotes that xylose concentration is higher than other sugars as glucose and arabinose which signifies the favourable condition for higher xylitol yield as higher glucose concentration inhibit the synthesis of the potential enzyme xylose reductase, required for xylitol production [MARTINE et al., 2002] . After concentration and detoxification of the hydrolysate, batch fermentation was performed using four different strains under different conditions varying the parameters to find out the best suitable conditions for xylose fermentation to obtain highest xylitol yield.
The effect of xylose concentration in the hydrlysate, pH of the fermentation media, temperature, agitation speed and nutrient concentration in the media was studied to find out the effect on fermentation and xylitol yield.
10 % (v/v) Pichia stipitis, Candida shehatae, Candida tropicalis and Debaromyces hansenii were used to carry out the fermentation.
Cell growth of different yeast strain during pentose fermentation
Four different yeast strains were used for pentose fermentation for 96 hrs to produce xylitol. OD of the sample was measured in spectrophotometer at 550 nm after centrifugation and also 20 µL of sample was mounted in a slide under microscope (40x, 100x) (Magnus LED Microscope Model MLX-B) to study the morphological features of cell of different species, cell count, dry weight of cell and growth respectively and shown in Table 2 .
It is remarked that dry weight of cell is 3.45 gL -1 with maximam xylitol yield of 0.65 g xylitol /g of xylose from Candida tropicalis after 72 h of incubation at 30C, pH 5.5 with an agitation of 200 rpm, 2.5 g/L ammonium sulphate as a nutrient.
Effect of Agitation speed on Xylitol production
Several parameters are associated with the growth and development of yeast responsible for xylitol production. Along with the selection of the proper yeast strain for higher xylitol production, other parameters responsible for the growth and development of yeast include maintenance of proper media with suitable pH, agitation speed which not only enhances the oxygen dissolution and influence yeast metabolism but also affects fermentation pathway with proper pyruvate flow, xylose conversion, suitable temperature and available nutrient concentration in the fermentation media.
Mechanical agitation of culture broth enhances the oxygen dissolution and aerobic environment to certain level which is necessary for yeast growth as it effects xylitol production which varies from species to species [YUN et al., 2010] . To study the effect of mechanical agitation (150, 200, 250 rpm) in culture media containing four different yeast strains, batch fermentation was carried out. However, other parameters were kept fixed at pH 5.5, temperature 30C and nutrient concentration of 2.5 g/L.
The increase in agitation speed enhances the oxygen flow in the culture media which supports the fermentative pathway with sufficient pyruvate flow and xylose conversion. At lower pH the oxygen flow is restricted to increased intracellular NADH levels causing co factor imbalance resulting in lower xylitol production [PAL et al., 2013 , BUTNARIU et al., 2014 . At 150 rpm 36.9 g/L of xylitol and 35.2 g/L of xylitol is obtained from Candida tropicalis and Pichia stipitis respectively.
But xylitol production is much higher at 200 rpm which is 42.7 g/L from Candida tropicalis with highest yield of 0.65 g of xylitol per g of xylose (Figure 2) . At higher agitation speed of 250 rpm, 0.56 g of xylitol per g of xylose was obtained using Candida tropicalis which is comparatively low as xylitol formed is converted to xylulose due to oxidation by xylitol dehydrogenase. Similar trend in xylitol production from ammonium hydroxide treated rice husk hydrolysate with a yield of 0.60 g per g of xylose at 200 rpm was reported earlier using Candida guilliermondii [RAMBO et al., 2013] . Xylitol production from corncob hydrolysate, 0.73 g per g of xylose at 170 rpm was reported from Candida guilliermondii [RAMESH et al., 2013] . Effect of pH on Xylitol production pH of the culture media is an important aspect during xylose fermentation as the intracellular pH of the yeast strain & media may vary which in turn result in retarded metabolic activity in the cell preventing growth and development affecting cell membrane.
Change in pH may result in precipitation of certain useful micronutrients preventing assimilation.
pH of the media is responsible for cell wall degrading enzymes production in certain species, which not only effects cell growth and rate of product formation, but also changes the final product yield [KUMAR et al., 2011] . It has already been reported that changes in pH of media affect metabolism on xylose in D hansinii NRRL-Y-7426, when optimum pH for xylitol production is 4.5-5.5 [DOMINGUEZ et al 1997, CONVERTI and DOMINGUEZ, 2001] . At pH 4.5, xylitol production is very low, which might be due to slow enzymatic conversion of xylose to xylitol. The maximum xylitol concentration is obtained at pH 5.5 by all the four species at 30 o C as shown in Figure 3 . The yield and productivity of xylitol obtained from different species is tabulated in Table 3 .
Effect of Temperature
To find out the suitable operating temperature for xylitol production three different temperatures were considered 20, 30 & 40C as depicted in Figure 4 .
The mentioned measures activated the soil potential and the produced forage from natural meadows and pastures was close to their ecological growing. At 30C, all the four yeast strains produced highest xylitol when compared to the concentration obtained at other operating temperatures.
40.5 g/L of xylitol is produced by Pichia stipitis, whereas 42.7 g/L of xylitol is produced by Candida tropicalis.
The reason behind this highest production is at 30C, growth of yeast is maximum which can utilise maximum xylose for conversion to xylitol.
Effect of Nutrient as ammonium sulphate [(NH 4 ) 2 SO 4 ] concentration:
Xylitol production is enhanced when ammonium sulphate is added to the fermentation broth as shown in Figure 5 . Pichia stipitis with the enhancement of ammonium sulphate from 1 g/L to 2.5 g/L concentration. Xylitol yield is highest in case of Candida tropicalis which gave a yield of 0.65 g/g of xylose on addition of 2.5 g/L of ammonium sulphate.
The enhanced xylitol production may be due to the presence of nitrogen in the media which favoured yeast cell growth due to which the xylose conversion rate is increased with an increased yield of the product. After varying all the different operating parameters, the optimum conditions for highest xylitol production of 42.7g/L is found at a temperature of 30C, pH 5.5, agitation speed of 200 rpm, 2.3 g/L of ammonium sulphate, incubation time of 72 h by Candida tropicalis as represented in Figure 6 .
The xylose concentration in the broth continuously reduced as the yeast dry cell weight was increased with their growth along with the incubation time.
Conclusions
The analysis of experimental data reveals that the conversion of water hyacinth hemicellulose hydrolysate to xylitol can be efficiently done by using different xylose fermenting yeast strains under different operating parameters.
The maximum xylitol production was noted in case of Candida tropicalis and Pichia stipitis which gave a yield of 0.65 and 0.615 g per g of xylose respectively.
The optimum conditions for xylitol production as found through this present investigations are; temperature at 30C, pH of 5.5, and the agitation speed of 200 rpm.
